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Hooking up the holes proceeds without Delay connectors are attached to Prima- The dual connections are taped securely 
danger of premature detonation from cord downlines; LEDC trunklines are cut together and the ends of the Primacord 
stray electric currents. and crimped into these connectors. downlines are tied. 


ENSIGN-BICKFORD LEDC 
helps solve blasting noise problems 
at General Crushed Stone Quarry 


The Glen Mills Quarry of the General Crushed Stone 
Company at Glen Mills, Pa., is located in the heart of 
a residential area. And its neighbors don't like noise! 

The quarry produces aggregate from hard granite 
gneiss, very blocky and seamy. High explosives are used 
with Primacord downlines for in-hole initiation. These 
downlines are hooked into a surface system of LEDC 
trunklines and Delay Connectors. 


Danger of Prematures Minimized 

Two Electric Blasting Caps were taped onto the 
Primacord downlines at No. 1 Hole, which fired instan- 
taneously. Succeeding holes were progressively delayed 
15 milliseconds. 

Noise was no problem! ...just the normal thud of 
explosives breaking rock. 

Ensign-Bickford LEDC is a Low Energy Detonating 
Cord with two grains PETN per foot, encased in a lead 
tube and protected by a plastic jacket. It detonates 
throughout its entire length at nearly four miles per 
second, but detonation noise is low. 150 feet of LEDC 
makes no more noise than a single blasting cap! 

LEDC will not directly initiate Primacord or other 
cap-sensitive explosives but must be used with delay 
connectors. LEDC is made only by Ensign-Bickford. 
Both LEDC and delay connectors are available through 


Blasts are set off at a specified time each day. This 
means that loaded holes may stand for several hours 
before blast time. To minimize danger from stray 
electric currents, the electric blasting caps are never 
attached until the last minute. 

The use of trunklines of Ensign-Bickford Low 
Energy Detonating Cord has practically eliminated the 
noise problem—and without danger of premature shots 
from stray currents. 

‘ This blast was set off on December 6, 1960. It con- 
sisted of eight 7-in., 50-ft. holes at 15-ft. intervals in a 
line 20 feet back of the base of a 46-ft. face. Loading 
was under the direction of Harry Kemery, Superin- 
tendent, Morton McGuirk, General Quarry Foreman, 
and the powder company representative. High explo- 
sives were used with two primers in each hole, initiated 
by Plastic Wire Countered Primacord downlines. 

A continuous line of LEDC was laid from Hole No. 
8 to Hole No. 1 and back again, forming two trunk- If you have blasting noise problems, LEDC may 
lines. Delay Connectors were attached to each down- be the answer. Write for free bulletin; also a 
line, and the trunklines were cut and crimped into the free copy of the new Primacord catalog and 


Connectors, which were then taped securely together. : @ manual is available through your explosives man- 
; ufacturer—or write giving your company name. 


all explosives manufacturers. 
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It is seldom that we devote an entire issue of THE ExPLo- 
SIVES ENGINEER to the activities of one company or to one 
single development in the art of using explosives. 

However, the recently developed technique of presplit 
blasting has had such outstanding success on the work sec- 
tions of the Niagara Power Project where it was used that 
we feel justified in reporting in much more detail than is 
our editorial custom. 

The Niagara Power Project basically consists of an in- 
take section, two parallel conduits about 4 miles long, an 
open canal 4,000 ft. long, a main generating plant, and a 
pump-generating plant. The foregoing generalization of 
the project must be considered an oversimplified descrip- 
tion when you look into some of the details of the job. For 
example, consider the one item of excavation. In six work 
sections a total of approximately 38,846,000 cu. yd. of ma- 
terial had to be removed and the majority of this material 
was rock which required blasting. Also, there were several 
million sq. ft. of rock face that had to be prepared to within 
a tolerance of 6 in. This takes skillful blasting. 

At the start of the project several different methods of 
establishing the break line were tried by the various con- 
tractors. However, none of these methods gave really clean 
walls; and it was not until D. K. Holmes, drilling and blast- 
ing superintendent for Merritt-Chapman & Scott Corp., 
developed presplitting that superior results were obtained. 

Further experiments with presplitting show a great va- 
riety of possible applications. This method can be applied 
to railroad and highway cuts, tunnels and other under- 
ground excavations, spillways, flumes, and other places 
requiring clean rock faces. The transmission of vibrations 
can be greatly lessened when presplitting is used at build- 
ing excavations, at quarries, and other blasting operations. 
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The article “Presplit Blasting at the Niagara Power Proj- 
ect” is the result of the combined efforts and varied talents 
of three men, a mining engineer, a geologist, and a mathe- 
matician, who not only collaborated in the engineering re- 
search and the many experiments required but also in the 
practical application of their findings. A brief look into the 
technical background and field experience of the authors 
reveals their qualifications. 

Rolf S. Paine received his degree in geology from Prince- 
ton, where he majored in mineralogy. His practical field 
experience consists of stints in tungsten mining in the Mo- 
jave Desert and gold dredging in British Guiana. He also 
spent much time in the mining and construction field of 
Central and South America and the West Indies and estab- 
lished a mining supply house in Venezuela where he spe- 
cialized in contract drilling and blasting. Mr. Paine is 
currently a sales-service representative for the Explosives 
Department of Hercules Powder Company. 

D. K. Holmes received his bachelor’s degree in mining 
engineering from the University of Arizona after transfer- 
ring from Dartmouth. After working in the metal mines 
in various parts of the United States he became an Explo- 
sives sales representative for Hercules Powder Company. 
He then entered the heavy-construction field and was drill- 
ing and blasting superintendent for Merritt-Chapman & 
Scott Corp., on the Niagara project. Mr. Holmes is cur- 
rently assistant project manager for Merritt-Chapman & 
Scott on its contract for Cougar Dam. 

Harry E. Clark, who is in the Applied Mathematics Divi- 
sion of Hercules Powder Company’s Research Department, 
received his master’s degree in mathematics from the Uni- 
versity of Delaware after obtaining a bachelor’s degree in 
history from the same university. Mr. Clark’s specialty is 
the solving of problems in the chemical industry by the 
application of mathematical analysis and electronic com- 
puter techniques. 

It is with a great deal of pleasure that we present their 
comprehensive report, “Presplit Blasting at the Niagara 
Power Project,” which starts on page 71. 


We are indebted to The Texaco Star, a publication of Tex- 
aco, Inc., for the color photograph shown on our cover. 





the Hercules Technical Man 


in Southern Underground 
Coal Mining 


It was back in early 1957 when Denis Plan, veteran 
Hercules technical representative, and several large 
mining operators conceived the idea of using Short- 
Period Delays in southern underground coal mines. 

Extending over a period of several years, field 
trials in many underground mines in the southern 
coal fields proved that the use of Short-Period Delays 
resulted in: 

Reduced vibration, concussion, and noise 

Reduced damage to roof. ribs, and pillars 

Produced more uniform fragmentation and less fines 

Savings—fewer drill holes needed with reduction of 

explosives consumption 
Quicker MUNG ( vcle 


Safer operations—less exposure for shot-firer—less 
smoke and less disruption of ventilation 

No Vent* Short-Period Delay Electric Blasting Caps 
are available in delay periods as recommended by the 
United States Bureau of Mines for coal mine blasting. 
Leg wires, with the most modern plastic insulation, 
are manufactured in a variety of lengths for all 
mining needs. 

For complete information on how No Vent Short- 
Period Delay Electric Blasting Caps can be applied 
to your underground mining operation, call your 
Hercules representative or write direct to the office 
nearest you. 


Explosives Department 
HERCULES POWDER COMPANY 
He r ule S Tower 


910 Market Street. Wilmington 99. Delaware 


Birmingham, Alabama « Chicago, Illinois « Duluth, Minnesota « Joplin, Missouri « Los Angeles, California »« New York, New York 
Pittsburgh. Pennsylvania « Salt Lake City, Utah « San Francisco, California 
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The new Bucyrus-Erie 30-R Rotary Blast Hole Drill gives you more 
feet of hole per dollar invested than any other drill in its class... 
and isn’t that what you really want from a drill? 


WHAT MAKES IT SO GOOD? 


It comes naturally. The 30-R is patterned after two of the most 
popular and productive rotary blast hole drills in the business — 
the famous Bucyrus-Erie 40-R and 50-R. Its performance advan- 
tages include 30,000 lb pulldown force... continuous drilling for 
21 feet, 3 inches before adding new pipe... infinite selection of 
speeds from 0 to 100 rpm... instant stabilizing and leveling with 


MOST RESPECTED NAME to 1 
three hydraulic jacks... plus stamina that just won’t quit. 


IN THE INDUSTRY 
Let your Bucyrus-Erie distributor show you many other reasons 

why the new 30-R is so good, or write Bucyrus-Erie Company, 

Dept. 1B60, South Milwaukee, Wisconsin, for descriptive literature. 
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Ronald Russel MeNaughton 


PRESIDENT OF THE A.I.M.E. 


A Biography 


HE first Canadian ever elected president of the 

American Institute of Mining, Metallurgical, and 

Petroleum Engineers is Ronald Russel McNaughton, 
manager of the Metallurgical Division of The Consolidated 
Mining and Smelting Company of Canada, Limited. Fur- 
thermore, this Canadian comes of such staunch Empire 
stock that his ancestors were among the United Empire 
Loyalists who left the United States at the time of the 
Revolution to settle in Glengarry County, Ontario. That 
was so long ago, however, that most U. S. citizens have 
forgiven them for their defection. 

His father, Peter McNaughton, and his mother, Marie H. 
McIntosh, both descendants of good Scots, left eastern 
Canada, and became pioneers of the city of Vancouver in 
its early days. Both parents were active in the early civic 
life of Vancouver. Peter McNaughton was a Mason and 
became Grand Master of his lodge; Marie was elected the 
first woman school trustee of the city, possibly to improve 
the education her sons and daughter were receiving. Ronald 
Russel attended the Lord Roberts Public School, the King 
George High School, and the Victoria High School. From 


there he entered the University of British Columbia, study- 


ing arts for a year, then went off to McGill University, from 
which he graduated with honors in 1923 with a degree of 
Bachelor of Science in Metallurgical Engineering. 

The new president of the A.I.M.E. played the violin in 
several school orchestras and chamber groups, and partici- 
pated particularly in water sports, for his Vancouver home 
was but a step from the ocean. 

At the age of nine he delivered and sold the Saturday 
Evening Post, and as a boy of twelve he worked the sum- 
mer as a handy man in the stock room of the Cadillac deal- 
er of Vancouver because a group of barnstorming race 
drivers, including Barney Oldfield, stabled their cars there. 
Between high school and college he held many jobs ranging 
from motorcycle mechanic to fruit car loader foreman and 
laborer at the Hollinger Mine. 

Ron McNaughton joined Cominco after graduating from 
McGill, where they set him to testing tanks in the Betts 
process electrolytic lead refinery. After that he spent two 
years in the Assay Office. 

He was one of three university graduates put on the lead 
smelter staff as assistant foremen, where he learned about 
“muscular metallurgy” and developed a fine appreciation 
for the men who had learned their lessons the hard way. 
When pulverized coal was substituted for oil, the college 
boys were told to make it work. Ron says he still has coal 
ingrained in his hide from that job. 

His present post as manager of the Metallurgical Division 
embraces the reduction and refining of metals including 
lead, zinc, silver, cadmium, bismuth, gold, indium, and anti- 
monial lead. Cominco, employing 7,000 people, is one of 
the world’s largest producers of these metals as well as 
chemical fertilizers. 

Ron McNaughton has been active in his profession as 
a member of the Mining and Metallurgical Society of Amer- 
ica; the Canadian Institute of Mining and Metallurgy, 
which awarded him the Selwyn G. Blaylock Medal this 
year; chairman of the Extractive Metallurgy Division, and 
of the Metals Branch of the A.I.M.E. Last year he was 
a director and member of the executive committee of the 
A.IL.M.E. 

Mr. McNaughton and Mrs. McNaughton, the former 
Dorothy Millen of Montreal, live at 12 Ritchie Avenue, 
Trail, British Columbia. They have two sons, John Richard 


and Peter Ronald, both married, and one granddaughter. 
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Editorial 


Can Government Research Help Coal? 

Recently we have been noting signs of increasing activity 
in the Office of Coal Research of the United States Depart- 
ment of the Interior. The initial meeting of the Advisory 
Committee will be held June 6, according to a recent press 
release. The announcement of this meeting stated as a 
raison d'etre that “the reduced consumption of coal in the 
United States and a parallel reduction in the number of coal 
workers have "-rought acute distress in many parts of the 
country.” While not a new thought to anyone even vaguely 
familiar with economic conditions in the United States, it 
is, nevertheless, one with which few can quarrel. The an- 
nouncement, however, goes on bravely to say that “the 
Office of Coal Research can and will make a major contri- 
bution to the solution of many of these pressing problems.” 
If so, we would be wholeheartedly in favor of backing this 
committee to the limit. 

Something of the philosophy and the thinking of the 
Department of the Interior in regard to this committee and 
the task facing it was set forth recently by a representative 
of the department. Speaking at the 1961 Coal Show, John M. 
Kelly, assistant secretary of the Interior for Mineral Re- 
sources, discussed the newly organized Office of Coal 
Research, and suggested some of the problems which it 
should tackle. “The time has now come to pool our re- 
search energies to attack old problems, to find new and 
better uses for coal.” Some of these problems listed were: 
the use of coal as an industrial commodity, the gasification 
of coal, the creation from coal of a liquid fuel, and efficient, 
inexpensive new methods to transport coal. Truly a formi- 
dable list, and if the coal research committee could come up 
_ with a far-reaching solution to even one of them, it would 
do much to alleviate the economic distress which the in- 
dustry now suffers. 

It is perhaps not surprising that the Department of the 
Interior should think of pooling research energies to arrive 
at a solution for coal. We in America are accustomed to 
pooling resources. We pool funds to create a larger eco- 
nomic unit, the corporation, than we could achieve by using 
the resources of one individual; we pool the energies of 
citizens to accomplish a big community project; we pool 
men and money to meet disaster when it strikes at some 
part of our country. But most directors of scientific research 
would probably agree that except for checking out of pos- 
sible solutions, the pooling of scientific brains is of doubtful 
benefit. Two scientists working together probably are no 
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more likely to come up with a discovery than are the same 
two scientists working separately. 

We think that what Barron’s weekly had to say recently 
about the Office of Saline Water, another research project 
of the Interior Department, may prove to be true also of 
the Office of Coal Research. That weekly said of the OSW, 
established in 1952, “Unfortunately, there is scant hope 
that a federal agency will achieve any such grandiose goal” 
as the desalting of the sea. “To date, OSW’s only concrete 
accomplishment has been subsidizing research and the con- 
struction of pilot and demonstration plants. . . . : Admittedly, 
some of its grants yet may open new frontiers in technology. 
Any such advances, however, will owe more to the initiative 
of the private companies involved than to any master plan- 
ning.” 

Looking at the list of scientific advances which have come 
out of government research laboratories, it would seem that 
the coal companies would be well advised not to forsake 
their faith in the scientific advances that have stemmed from 


private companies and their laboratories. 


Blasting Cap Accidents Decreasing 

One pleasant trend which will please all those who make 
use of blasting caps is the decrease in blasting cap accidents 
to children, declining now for the fourth successive year. 
The present year, if it should continue as favorably as it 
has gone thus far, would bring a new low in accidents to 
children from this cause as measured by the statistics com- 
piled by the Institute of Makers of Explosives. 

This favorable trend can be attributed at least in part to 
the efforts of the schools, Boy Scouts, newspapers, TV, and 
radio to carry the Institute’s warning to children, and an 
ever-increasing awareness of the danger on the part of the 
users of caps. The regular users of caps, who by and large 
make up the majority of the readers of THE ExpLosives 
ENGINEER, have kept their caps away from children for 
many years. 

With the number of accidents decreasing to new lows, 
all of us are likely to fall into the error of thinking that the 
problem has been solved, and that vigilance in this regard 
can be relaxed. A moment’s thought, however, will indi- 
cate that the problem is alwavs with us. Always younger 
children are coming along who, unless warned, are unaware 
of the danger of playing with caps, and of the power of 
the explosive contained in the tiny metallic shells. That 
is why the Institute’s program has continued vigorously for 
over a quarter century. 
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PRESPLIT BLASTING 
AT THE NIAGARA POWER PROJECT 


ROLF S. PAINE,” 


EN, machines, and ingenuity are 
M now in the third year of build- 
ing the $720-million Niagara Power 
Project. This is one of the Western 
World’s most ambitious hydroelectric 
developments and, when completed in 
1962, will be capable of producing 
2,190,000 kw. of electrical energy. This 
additional power will bolster that al- 
ready available in the Buffalo-Roches- 
ter-Syracuse-Utica area and will open 
up this region to new industries as well 
as provide for expansion of those in- 
dustries already established. 


°Hercules Powder Company 
New York City, New York 

¥Merritt-Chapman & Scott Corp. 
New York City, New York 

tHercules Powder Company 
Wilmington, Delaware 
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PARALLEL CONDUITS: This aerial photo gives an excellent view of the twin parallel conduits. Walls prepared by the presplit method of 
blasting can be seen in the area from the curve to the fiume. 
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D. K. HOLMES.* AND HARRY E, CLARK+ 


An almost perpetual source of water 
is available to operate the huge tur- 
bines being installed at the principal 
generating plant under construction 
by Merritt-Chapman & Scott Corp.; the 
pump turbines are being installed by 
Tuscarora Contractors. The drainage 
of a large section of the northern 
United States, an area extending from 
New York State to Minnesota, plus a 
section of southern Ontario, flows into 
the Great Lakes. This area comprises 
a watershed of 263,440 sq. mi. It is 
the flow of water from Lakes Superior, 
Michigan, Huron, and Erie via the 
Niagara River that makes the Niagara 
Power Project possible. 

Basically, the project consists of an 
intake section, two parallel conduits 


THE EXPLOSIVES ENGINEER e« 


about 4 mi. long, an open canal 4,000 
ft. long, a main generating plant, and 
a pump-generating plant. The intake 
structures lie just to the east of the 
confluence of the two channels, the 
Chippewa and the Tonawanda, on 
the north bank of the Niagara River. 

Records indicate that over a period 
of 94 years the average mean flow of 
water in the Niagara River has been 
at the rate of 202,500 c.f.s. This large 
volume of water could be diverted, 
almost in its entirety, from the Cana- 
dian falls and the American falls 
through the intake of the Niagara 
Power Project and the existing Sir 
Adam Beck intakes. However, this will 
not be permitted because of an inter- 
national agreement between Canada 
and the United States, which limits the 
amount of water that can be diverted. 
During daylight hours, when the tour- 
ing public is usually present to view 
the beauty of one of nature’s wonders 
—the cataracts of the Niagara—at 
least 100,000 c.f.s. must flow over the 
falls. At night, when the scenic beauty 
of the falls is not of such great consid- 
eration, this flow can be reduced to 
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50,000 c.f.s. The remainder of the flow 
available during the night is shared 
between the United States and Can- 
ada. Also, they share in the permitted 
amount that can be withdrawn during 
daylight hours. 


The American share of the water 
that can be withdrawn during the 
night is calculated to be in excess of 
the amount required for producing the 
power demand during this period; 
therefore, the Tuscarora pump-gener- 


SCOPE OF PROJECT 


The Niagara Power Project is comprised of several major work sections. Listing the contract 
price and the amount of excavation in the various sections will give an idea of the immensity 


of the undertaking. 


Work Section No. 1 — Contract N-5 — Merritt-Chapman & Scott Corp. 


Excavation, unclassified, for conduits and intake structure 
Excavation, wet, unclassified, for river channelization . 


Total excavation 
Amount of contract . 


4,905,300 cu. yd. 

2,500,000 cu. yd. 
. 7,405,300 cu. yd. 
$65,962,256 


Work Section No. 2 — Contract N-6 — Edward Balf Co., Savin Brothers, D. W. Winkleman 


Excavation, unclassified . 
Amount of contract 


5,085,000 cu. yd. 
$37,366,805 


Work Section No. 3 — Contract N-7 — Gull Contracting, L. G. Defelice & Son 


Excavation, unclassified, for conduits 


Excavation, unclassified, for canal section 


Total excavation 
Amount of contract 


4,185,200 cu. yd. 

389,000 cu. yd. 

4,574,200 cu. yd. 
$29,861,840 


Work Section No. 4 — Contract N-8 — Channel Constructors (Peter Kiewit Sons Co., Perini 
Corp., Morrison-Knudsen Co., and Walsh Construction Co.) 
Excavation, unclassified 9,589,400 cu. yd. 


Amount of contract . $31,855,000 


Work Section No. 5 — Contract N-3 — Merritt-Chapman & Scott Corp. 
Excavation, unclassified, for plant structure . 


E 7,000,000 cu. yd. 
Excavation, unclassified, for forebay and miscellaneous 


2,617,100 cu. yd. 
9,617,100 cu. yd. 
$98,288,498 


Total excavation 
Amount of contract 


Work Section No. 6 — Contract N-10 — Tuscarora Contractors (Arundel Corp., L. E. Dixon 
Co., and Hunkin-Conkey Construction Co.) 
ecavation. anclassiied <<. 2. «6 6 & w 6 6 © ee es 3 23575:000icu: yd. 
Amount of contract $39,834,292 


I" PLASTIC 


4 - 8" DIA. DRAIN PIPE CONC. 


‘ - 24"DIA. DRAIN PIPE CONC. 


CROSS SECTION: The twin conduits, with finished dimensions of 46 ft. wide by 66 ft. high, 
will be able to handle a flow of 83,000 cu. ft. of water per second. 


THE EXPLOSIVES ENGINEER e¢ MAY-JUNE, 1961 


ating plant, by reversing its process 
from generating to pumping, can place 
a part of this water in the Tuscarora 
Reservoir so that peak power can be 
maintained during daylight hours 
when the pumps are reversed again to 
turbines and the flow of water from 
the reservoir combines with that com- 
ing through the conduits and into the 
canal leading to the Robert Moses 
power plant. 

The twin conduits, which measure 
46 ft. wide by 66 ft. high to the crown 
of the arch, can handle 83,000 cu. ft. of 
water per second under a velocity of 14 
ft. per second. 


DEEP SECTION: Some vertical cuts aver- 
aged 110 ft. in depth and had to be kept 
within the “A” and “B” lines. In this area of 
the cut in Work Section 3, presplitting was 
done from haunch to invert only. 
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SLASH AND TOUCHED-UP HOLES: The upper and center sections of the wall show the results of using slash holes on 4-ft. centers, while the 
bottom illustrates touched-up holes, also on 4-ft. centers. 


When one considers that the ma- 
jority of this listed 38,846,000 cu. yd. 
of excavation was in rock, and that sev- 
eral million sq. ft. of rock face had to 
be prepared within a tolerance of 6 in., 
it is easy to see that quite a problem 
was presented to the various contrac- 
tors to keep from overbreaking beyond 
the pay line, or “B” line, as it was 
called, with conventional methods of 
drilling and blasting. 

Vertical cuts that averaged 110 ft. 
in depth had to be kept within the 
“A” and “B” lines. A total of 5,104,000 
sq. ft. of side walls, on the conduit sec- 
tions alone, had to be prepared within 
this tolerance. If the walls were too 
tight and rock extended out past the 
“A” line—even if only 2 in.—it had to 
be removed. This had to be done with 
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“slash holes” or with paving breakers. 
If the rock was overbroken past the 
“B” line, the contractor had to pay for 
the extra concrete. 


Geology 


The bedrock geology of the Niagara 
Falls, New York, area is comparatively 
simple and consists of nearly horizon- 
tal layers of sedimentary rocks. The 
upper part is called the Lockport 
group. The first member of this group 
is the Guelph dolomite, which is a light 
gray unfossiliferous crystalline dolo- 
mite. In general, it has tight bedding 
planes, with occasional open joints. 
In columnar sections downwards is the 
Gasport, a light gray fossiliferous crys- 
talline limestone with tight bedding 
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planes and stylolites, which are small, 
short, transverse columnar structures; 
the De Ceu, a dark gray unfossilifer- 
ous cross-bedded crystalline dolomite 
with tight bedding planes and some 
stylolites; the Rochester shale, a rela- 
tively massive black shale stratified, in 
its upper part, with very thin bands of 
coquina limestone; and then sand- 
stones and shales, until at the bottom 
of the gorge Queenstown shale is en- 
countered. 

Our principal interest lies in the 
Guelph, Gasport, and De Ceu forma- 
tions, because most of the excavation 
was in these rocks. There is also some 
interest in the Rochester shale. 

The open joints of the Guelph, or 
caprock section, made blasting to a 
clean break line quite difficult. Also, 
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this section of the Lockport group con- 
tained stresses which had not been 
released completely when the conti- 
nental glaciers melted and rebound 
or uplift occurred. Blasting — this 
stressed section opened incipient frac- 
tures in the rock and caused an in- 
ward movement of the formation. 
Other sections of the Lockport group 
also appeared to contain these stresses, 
but were not as difficult to control 
as was the Guelph dolomite. 


Preparing Break Lines 


At the start of the project different 
methods of establishing the break line 
were tried by the various contractors. 
Not all of the rock faces in the different 
work sections required concrete to be 
placed against them; therefore, the 
methods used to establish the break 
lines varied quite a bit. The Robert 
Moses power plant, the intake, the 
conduits, and the Tuscarora pump- 
generating plant required concrete 
against a good portion of their rock 
walls. The canal and forebay sections 
did not. Some contractors used line 
drilling on close centers. Some used 
line drilling with light cxplosives 
charges placed at intervals in every 
second or third hole. Others «used 
slashing, which was done after exca- 
vating in the tight; others used modi- 
fied cushion blasting. Part of the wall 
area was prepared with holes on 1-ft., 
2-ft., and 3-ft. centers which were 
loaded with deck charges. All the 
above methods were used, as well as 
other modifications, in an attempt to 
create shear planes at the “B” line. 
None of these methods, however, gave 
really clean walls where concrete was 
to go against them, and it was not until 
D. K. Holmes at the Robert Moses 
power plant evolved presplitting, after 
considerable experimentation, — that 
superior results were obtained. 


Line Drilling 


Line drilling, with the drill holes 


being placed on the break line, was 
used with centers of holes varying 
from 4 to 9 in. Drilling these holes 


was a lengthy and costly operation. 
The break line was ragged and re- 
quired quite a bit of cleaning and scal- 
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ing and often the blast holes, being 
fired from 2% to 4 ft. away from the 
line, did not break cleanly to the line 
nor did the line holes shear between 
themselves. Perhaps this raggedness 
was due to the nature of the forma- 
tions. Bedding planes, fractures, joints, 
and other natural shear planes were 
quite prevalent in the rock. It could 
be that the compressive strain pulses 
moving outward from the blast holes, 
in addition to being reflected by the 
free surfaces of the line holes, were 
reflected by natural interfaces and 
these reflected tensile strain pulses 
caused rupturing of the rock beyond 
the break-line holes. This could be 
possible if there were several inter- 
faces just past the “B” line. 


Line Drilling with Light 
Explosives Charges 


Line holes with light explosives 
charges placed in the holes at reg- 


ularly spaced intervals were tried. 
Usually the explosives charges were 
placed in every second or third hole. 
The holes were timed to fire ahead, 
with, or after the nearest normally 
charged holes of the blast pattern. Cer- 
tain improvements in the condition of 
the break line were attained by this 
method of touching up the line holes. 
The decks were fired at times by 
double and triple priming. Occasion- 
ally, Primacord® was used with stem- 
ming between the charges. The above 
method was utilized to some extent on 
one of the conduit sections. Line holes 
were drilled as far as 2 ft. apart. Re- 
sults were not satisfactory, however, 
since the holes did not break cleanly 
from one to the other. Also, priming 
each charge with an appropriate short- 
period delay was too expensive for the 
haphazard results obtained. When 
detonation of the deck charges was 


*Reg. U. S. Pat. Off. by 
The Ensign-Bickford Company 


LOCKPORT GROUP: The bedrock geology of the Niagara Falls area is comparatively simple 
and consists of nearly horizontal layers of sedimentary rocks. 





GUELPH DOLOMITE: The upper layer of the Lockport group is Guelph. dolomite. This light gray unfossiliferous crystalline material has 
tight bedding planes with occasional open joints. 
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NORMAL BLAST PATTERN: This diagram shows the drill pattern used in Work Section 2 to assure breakage of the intercallated massive 
beds encountered in the Lockport group. 
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done with Primacord branch lines and 
Primacord trunk lines, there were ex- 
cessive cutoffs. These cutoffs occurred 
no matter whether delaying was ahead, 
with, or after the adjacent blast holes. 


Slashing 


This method is self-explanatory. 
Excavation was carried up to within 
4 ft. of the finished wall and then slash 
holes were drilled on the “B” line and 
shot to the open excavated area. Re- 
sults were good in general, but limited 
in depth. Slash holes were drilled on 
3- and 4-ft. centers. It was in using 
this method that the stresses in the 
Guelph dolomite became evident. 
Blasting in the tight, no matter how 
carefully the holes were loaded adja- 
cent to the break line, always seemed 
to open cracks beyond this line. Slash- 
ing was useful from top of rock to 30 
and 40 ft. down, and gave good walls, 
but resulted in overexcavation and, as 
stated, was limited in depth. 


Modified Cushion Blasting 


“Modified cushion blasting” was 
practiced almost entirely by the con- 
tractor who excavated the forebay sec- 
tion of the Tuscarora pump-generating 
plant and the open canal leading to 
the forebay section of the Robert 
Moses power plant. 

This method differed from that used 
previously in Canada during the con- 
struction of the open conduits for the 
Sir Adam Beck No. 2 hydro plant, in 
that each of the 24-in. holes was string- 
loaded with 40% 
being taped on 2- and 3-ft. centers for 
the full length of the Primacord, and 
the 6-in. holes were left open to act 
as guide holes. In Canada this method 
was called “cushion blasting.” It con- 
sisted of drilling a series of 64- or 6%-in. 
holes on 5-ft. centers to the desired 


ammonia gelatin 


depth. Between these holes three 
equally 
drilled to the depth of the cut being 
taken. This gave a pattern of 15 in. 
from hole center to hole center. The 


middle 2%-in. hole was loaded solid 


spaced 2%-in. holes were 


with explosives and the other 24-in. 
holes on either side were left open to 
act as guide holes. Then the larger 
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LINE DRILLING: The results achieved by blasting using line drilling may be seen in the 
right-center section of this photo. Foreground shows the effect on break lines resulting from 
the use of normal blasting. 


holes were string-loaded by taping 
either a 1 by 8-in. or a 1% by 8-in. 
cartridge of ammonia gelatin to a 
length of Primacord equal to the 
depth of the smaller holes. The car- 
tridges were taped to the Primacord 
on intervals of from 2 to 3 ft. Stem- 
ming was used around the string 
charges for the full length of the hole. 


MER! ote 


El - bs 


The firing of the break-line holes usu- 
ally was before the adjacent blast 
holes. Clean walls resulted, except for 
some raggedness around the solidly 
loaded center 2'-in. hole. This was not 
a problem, however, as no concrete 
was to be placed against the walls. 
The contractor who used the modi- 
fied cushion blasting method obtained 
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FOREBAY SECTION: The results of line drilling in the forebay section are vividly shown in 
this view near the Tuscarora pump-generator station. 
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TOUCHED-UP LINE DRILLING: The bottom section of the wall shows the results of 

touched-up line drilling on 3-ft. centers using light explosives charges. Touched-up line drilling 

on 1-ft. centers, with alternate holes unloaded, is shown in the center section. Top section 
shows slashing on 4-ft. centers. 


SLASHING: In this section of the conduit, slashing on 4-ft. centers was used. Slash holes were 
drilled on the “B” line and shot to the open excavated area. 








excellent results. As in Canada, he 
delayed the break-line holes in such a 
manner that they were fired two delay 
periods before the adjacent blast holes 
and detonation was accomplished 
with Primacord down lines and a trunk 
line. He drilled his adjacent blast 
holes from 2% to 4 ft. off the break line. 
Results, as stated, were excellent and 
the contractor had no reason to try to 
improve his walls because no concrete 
was to go against them. However, he 
did resort to the “presplitting” method 
in an area near the bottom of the ex- 
cavation in the Rochester shale. The 
proximity of the excavation to a chem- 
ical plant created some problems. 
Some of the machinery in the chem- 
ical plant was equipped with auto- 
matic electric circuit breakers whose 
switches were being thrown out by the 
vibrations from the regular system of 
blasting. When presplitting was used, 
vibrations were lessened and_ the 
switch-throwing problem was elimi- 
nated. 


Deck Charges in Holes on 
1-, 2-, and 3-ft. Centers 


This method is similar to that of line 
drilling with light explosives charges 
but differs in that the holes normally 
were farther apart and were drilled 
to a much greater depth. For instance, 
holes on these centers were drilled 
from top of rock to haunch elevation, 
and from haunch elevation to grade. 
After drilling, they were backfilled 
with stemming to a point which cor- 
responded with the depth of the lift 
being taken. As successive lifts were 
taken, the holes were blown out and 
loaded so they could be fired with the 
corresponding blast pattern itself. Re- 
sults were good, but labor costs were 
high. Also, it was very difficult at times 
to blow the holes, and a great number 
of holes were lost, which tended to- 
ward tight walls and subsequent high 
labor costs to chip the tights. 


Presplitting 


Presplitting can be defined as the 
establishment of a free surface or shear 
plane in the solid by the controlled 
usage of explosives and blasting ac- 
cessories in appropriately aligned and 

(Continued on page 82) 
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Gardner- Denver 
engineers a proved principle into a totally 
new design in portable air compressors 


Lowest maintenance ever! 
No touching parts ...7o0 valves ...no pistons ...no blades to 
inspect or replace. 
Instant compressed air! 
Flip a switch to start; turn knob for immediate warm-up. Flip 
a switch to stop . . . automatic blowdown. 
Pulsation-free air flow! 
Continuous delivery of compressed air in a new, efficient manner 
. . . vibrationless operation. 
Off-level operation! 
Oil circulating system permits operation on ang/e—uphill or down. 
Saves fuel! 
““THRIFTMETER’’® control matches engine speed with air demand. 
All-weather operation! 
Tested for 40° be/ow to 115° above zero. 


SP900—capacity: 900 cfm. 
SP600—capacity: 600 cfm. 
SP125—capacity: 125 cfm. 
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You get new economy...new efficiency... 


new durability with Gardner- Denver's 


new Rota-Screw compressors 


The Rota-Screw operates without metal-to- 
metal contact in the compressor chamber. Rotors 
are separated by timing gears, held to precise 
clearances between rotors and casing by heavy- 
duty bearings. Absence of blades, pistons, valves 
and other reciprocating parts extends compres- 
sor life, reduces maintenance to a trifle. Costly, 
pesky, blade inspection or replacement com- 
pletely eliminated. 

Oil flooding of rotors seals air in, removes heat of 
compression. Single-stage compression elimi- 
nates start-up problems—and there are no com- 
plicated interstage air passages. 
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NGINES—Rota-Screw com- 
pressors are driven by turbo-charged, 4-cycle, 
1800 rpm engines. Caterpillar-designed espe- 
cially for Gardner-Denver Models SP900 and 
SP600 rotary screw compressors. 


NG—no clutch—rubber 
block drive provides smooth power transmis- 
sion between engine and compressor. 


removes air from the 
water to supply a solid stream of water for 
cooling the compressor oil and the engine. 


—if fault 
occurs, unit will not start... will shut down 
if running. 

—engine equipped 
with glow plugs and ether starting aid system. 


At—extra-heavy running 
gear with automotive-type steering. Heavy-duty 
truck tires resist punishment of rough terrain. 


i\o—shortens serv- 
icing time on filters. 


NAL IM Al 41URE—units are de- 
signed for accessibility . . . featuring grip 
handles and step plates for top service. 
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How Rota-Screw compresses air 


A time-proved principle forms the basis for 
Gardner-Denver Rota-Screw compressors. As 
air enters the intake port, it is drawn into the 
space between lobes of two helical rotors. The 
revolving rotors force the air into succeedingly 
smaller interlobal spaces, thus compressing the 


air in a single stage until full compression is 
reached at the outlet port. As this air is expelled, 
the next groove comes into line with the outlet 
port to assure a smooth air flow without pulsation 
—cycle after cycle. Compressor operates with- 
out vibration . . . air tool performance improves. 
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D343T D333T F-266 


Length 13'7’ 121%" 
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Turning radius 


Net weight 


For complete specifications, write for Bulletin SP-1. 
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MODIFIED CUSHION BLASTING: Here the 2%-in. holes were string-loaded with 40% 
Hercules® Gelatin Extra taped on 2- and 3-ft. centers for the full length of the Primacord. 
The 6-in. holes were left open to act as guide holes. 


spaced drill holes. It was through 
necessity that this method was de- 
veloped, or let us say refined, to such 
a degree on the Niagara Power Proj- 
ect. To our knowledge, presplitting 
had not been used anywhere before on 
the scale that it was used at Niagara. 

In some respects, this method of pre- 
paring a break line is similar to 
“smooth blasting,” as used in Sweden, 
or “perimeter blasting,” as used in 
Canada. It differs, however, to the 
extent that smooth blasting and per- 
imeter blasting are accomplished dur- 
ing the same time period when a blast 
pattern is being fired, while presplit- 
ting is accomplished prior to the drill- 
ing of the blast pattern. Weeks can 
pass after presplitting is done, in the 
solid, before blast patterns for excava- 
tion are drilled. This method did not 
seem to have any depth limitations 
other than those imposed by drilling 
and keeping the drill holes from drift- 
ing too far from plumb. The maximum 
depth that was drilled at Niagara, and 
presplit, and which stayed within the 
6-in. tolerance was 64 ft. 

Presplitting, as developed in its ini- 
tial stages, consisted of taping frac- 
tional portions of 14 by 8-in. 40% am- 
monia gelatin to lengths of Primacord 
equal to the depths of the holes being 
split. These small charges were taped 
to the Primacord at varying intervals 
of from 4 to 8 in. The diameter of these 
drill holes, in general, was from 2% to 
3 in. The holes were drilled on cen- 


§2 


ters of approximately 12 in. Detona- 
tion was with Primacord trunk lines or 
with individual priming at each down 
line with short-period delay caps. 
Instantaneous detonation with Prima- 
cord trunk lines gave the best results. 
Experimentation was done with load- 
ing every other hole and with loading 
and firing every hole. The loading of 


each hole gave a cleaner face. Stem- 
ming was used in all loaded holes. 
The results obtained at the Robert 
Moses power plant indicated that this 
method of preparing break lines 
should be tried in other areas, partic- 
ularly on the conduit sections of the 
waterways which had millions of 
square feet of area against which con- 
crete had to be placed. Other than the 
establishment of a clean shear plane 
against which to place concrete, it was 
thought that perhaps by presplitting, 
some other stress in the Lockport 
group could be alleviated. To a cer- 
tain degree this proved to be the case. 
The contractor in Work Section No. 2 
decided to experiment with presplit- 
ting his break lines after D. K. Holmes 
had proved it could be done. Initially, 
the same pattern was followed as that 
used on the Robert Moses powerhouse 
excavation, namely, fractional charges 
and 12-in. centers with 2%-in. holes 
drilled on the back side of the “B” line. 
Collaring the holes with the leading 
edge of the bit on the back side of the 
“B” line gave better results insofar as 
drift of drill holes was concerned. The 
holes stayed within the 6-in. tolerance 
between the “A” line and the “B” line 


DECK CHARGES: Holes were drilled on close centers from top of haunch to invert. After 

drilling, the holes were back filled to the level of the lift being taken. As each successive lift 

was taken the holes were blown out and loaded for each lift. Considerable chipping was 
found to be necessary in this area. 
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FROM TOP OF HAUNCH: Another view from the top of the haunch of the conduit sectio 


. Holes were drilled on close centers, back filled, and 
then blown out and loaded to be blasted according to prescribed blast patterns. Dotted line separates presplitting from normal blasting. 
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TOUCHED-UP LINE HOLES: This plan shows the distribution of the explosives on Prima- 
cord where line drilling with light explosives charges was used. The Primacord was primed 
with an electric blasting cap at both top and bottom of hole. 
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BREAK-LINE PREPARATION: In this method of preparing break lines, holes on 2-ft. centers 
were drilled approximately 23 ft. deep to invert. The in-between holes on I-ft. centers were 
not loaded with explosives. 
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when collared in this fashion. The 
initial pattern was successful but 
proved to be too slow and required 
too much drilling to keep up with ex- 
cavation progress. It was also evident 
immediately that presplitting in the 
solid increased excavation progress be- 
cause there was little or no scaling that 
had to be done before the next lift 
could be taken. Therefore, the hole 
spacings were increased, the size of 
the charges on the Primacord down 
lines was increased, and the interval of 
separation of the charges was _ in- 
creased. 

Eventually, holes were drilled on 
2-ft. centers and a 1% by 4-in. section of 
40% gelatin extra was taped on a length 
of reinforced Primacord, corresponding 
to the depth of the hole, with the cen- 
ters of the charges being 12 in. apart. 
Each hole was loaded and stemmed 
completely with minus %-in. clean stone 
chips. Sand was tried but it had a ten- 
dency to bridge. The stemming was 
worked around the taped charges by 
holding the end of the Primacord in 
the center of the hole and working it 
up and down. Several hundred lineal 
feet of conduit on both sides were fired 
simultaneously with electric blasting 
caps hooked up at each end of the 
trunk lines. 


Presplitting Produced Many 
Beneficial Results 


The contractor in Work Section No. 
2, who used presplitting exclusively 
after other methods proved to be too 
inaccurate and expensive, was able to 
increase his rock excavation from 
130,000 to 200,000 cu. yd. per month. 
This was done in quite restricted quar- 
ters. The first 60 ft. in depth of the 
conduits was 60 ft. wide, and the last 
46 ft. in depth was only 52 ft. wide. 
Most of this excavation was done with 
6-cu. yd. shovels. 

Prior to presplitting, it took 24 men 
working a 12-hr. shift to clean and 
scale a distance of 100 ft. per week 
on both sides of one conduit above 
the haunch. After presplitting was 
put in general practice, 12 men work- 
ing the same shift time were able to 
clean and scale 1,000 ft. a week on both 
sides of one conduit above the haunch. 
Below the haunch, chipping wall 
tights, prior to presplitting, required 
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PRESPLIT AND NORMAL BLASTING: The clean, smooth face produced by the presplit method of blasting is vividly shown in the lower part 
of this photo. Normal blasting with its ragged face and overbreak can be seen at the top of the conduits. 


59 men. After presplitting, six men 
were all that were required. Both shift 
times were the same. 
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Significant savings in concrete were 
noted on Work Sections Nos. 2 and 3 
where presplitting was used. The walls 
from 12 ft. above the haunch to grade 
were evenly sheared and overbreak 
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was negligible. 

A dewatering pump shaft was put 
down in the transition stage between 
the parallel conduits on Work Section 
No. 3 in which the establishment of ; 
the break line was accomplished with Si ! ae 
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presplitting. This was done with three _30'-0" 
presplit lifts by setting back far 
enough on the first lift so that on the 
last lift the presplit line would fall on 
the “B” line. No time was wasted in 
barring down, scaling, or supporting 
any section of this shaft while it was : —— : ia eae, 


\ 
ESTIMATED BREAK LINE 


—GRADE LINE 





being sunk. 





Safety <inlindia : 
ox tae ; EXPERIMENTAL PRESPLITTING: This diagram show > initial stage >xperimentati 
Mio elimination of overbreak by the ' Sail a P ae a shows the initi al st ages of experimentation 

: in presplitting. This procedure is similar to “smooth or perimeter” blasting except that pre- 
establishment of clean shear planes splitting is accomplished prior to the drilling of the blast pattern. 
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PRESPLIT FACE: In this close-up of the face made by presplitting, it is difficult to identify 
the areas where the explosives were detonated in the holes. 
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with presplitting greatly reduced the 
hazard from falling rock from the 
walls or rims of the excavations, where 
it was utilized. The reduction in the 
number of men needed for scaling, 
chipping, and cleaning the rock faces 
naturally reduced the man-hours of 
exposure and significantly reduced the 
accident rate. Also, the workers in the 
hole were protected during both ex- 
cavation and concreting and were able 
to apply themselves to their work as- 
siduously because they would keep 
both eyes on their work and not have 
one eye on the wall and one on their 
work—an excellent way to get hurt. 


Quantitative Treatment 


Now we will turn to quantitative 
considerations in order to be able to 
predict some of the values of the pa- 
rameters involved in __presplitting. 
Consider a piece of rock containing 
two cylindrical drill holes of radius A 
and whose axes are a distance D apart. 
Assume each hole is simultaneously 
subjected to an explosive pulse begin- 
ning at time T=o. A cylindrical wave 
front proceeds out radially from each 
hole with a velocity of U ft./sec. where 
U is the speed of sound in the rock. 
After a time D the wave fronts meet 

2U 
between the two holes and this region 
is subjected to a compressive pressure 
whose peak magnitude is given by 
P.= Fh VA/R el 
where P,, is the bore hole pressure, R is 
the radial distance, and k is a time con- 
stant.°+ Since T equals D we have 
2U 


ee OTT 
P, = P, V2A/De kD/2t 


In a direction tangential to the wave 
front the rock is subjected to a stress 
of peak magnitude 


kD/2U 
Er, =-oP,\/2A/D e 


where E is Young’s modulus and a is 
Poisson's ratio.+ The total stress paral- 
lel to the cylinder axes is reduced by 
the compressive force of the burden. 


CONDUIT WALL: This nicely sheared conduit wall is the result of the presplitting technique. 1 he other tangential component is un- 
There will be a minimum amount of scaling, and less concreting will be needed. diminished by the burden and tends to 
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produce cracks between the holes, as- 
suming that Ee, is greater than the 
tensile strength of the rock. 

Now consider a point on a plane 
parallel to the axes and midway be- 
tween them. Let this plane be perpen- 
dicular to the plane determined by the 
cylinder axes. Draw a line radially 
from one of the axes through the point 
(see Figure A). Suppose the line 
makes an angle with the line AB. Then 
the compressive force at this point at 
the time the wave fronts meet has a 
peak magnitude given by 


P, — COS6e -P, 
, -~kD/2U COS6 
V2ACOS 6/De 


and the tangential strain is given by 


&,= -—COS0o-P,- 


E 
. -kD/2UCOSe 
\/ 2ACOS0/D e 


Obviously the strain is reduced for 
points not on a line connecting the two 
axes for the following reasons: 1. the 
ratio 


r= -kD/2UCOS6 < -kD/2U 








* 


¥ a 2 Lily . is 


LOADING: The line of Primacord with the fractional cartridge of Hercules 40% Gelatin Extra 


mae 


Ss 


taped to it at regular intervals is lowered into the hole. The hole is then filled with minus % 
clean stone chips and the Primacord connected to the trunk line serving the rest of the pattern. 


ge > o*. o: os 
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we 


21/2" *HOLES 18" OR 24°C TOC AS CONDITIONS WARRANT 








42 


le 








GFT. —12°7.@ 1897. 


| 


Seeetpmatiemedt asset keel ate ee ie 
- ‘ ; 


3 & 4 CARTRIDGES 
OF 11/72 X 8 


HERCULES -GELATIN “3 


EXTRA 40%— 


POWDER FACTOR IS .75L8 PER CU. YD. 


PRE-SPLITTING LINE HOLES 18"OR 24"C Toc 


ABOVE & BELOW HAUNCH 


| CARTRIDGE 
OF 2x16 


EXTRA 40% 


sort. TO S2rT 


PRESPLITTING: This plan shows the spacing of the explosive charges on the Primacord line that was found most effective in presplitting line 


holes both above and below the haunch. 
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and thus 


et<e kD/2U 


2. 2ACOS6 < 2A and thus 


\/2A COS 0/D < \V/2A/D 


3. COS 0-P,, < P,. Since the com- 
pressive strength of many common 
rocks is of the order of thirteen to six- 
teen times greater than the tensile 
strength, it is possible to produce no 
crushing of the rock at the point of 
detonation and still produce cracks 
connecting the two cylindrical holes, 
provided the distance between the 
holes is small enough. 

In addition to the strain described 
above, there will be a strain produced 
by an increase in the radius of the cy- 
lindrical holes. The increase in radius 
from A to A+AR increases the circum- 


ference of the cylinder from 2z7A to 
27 (A+AR) so that the increase in cir- 
cumference is 


AC = 27AR 


This strain tends to produce radial 
cracks about the cylindrical holes in 
all directions. Note also that where 
the wave fronts meet, the forces tend- 
ing to produce particle displacement 
have equal and opposite components 
parallel to the line joining the cylinder 
axes and hence the resultant force 
tending to produce particle displace- 
ment is given by ND in the figure and 
acts perpendicular to this line. Thus 
the result of the wave fronts reinforc- 
ing between the holes will be to in- 
crease the length of these cracks to the 
point where they actually meet be- 
tween the holes. The magnitude of the 


force ND tending to produce particle 
displacement is given by 


F —2SIN0-P,- 
____. ~-~kD/2UCOSe 
\/2A COS 6/D e 
In calculating the volume of explo- 
sive to be placed in each hole it is nec- 
essary to keep in mind the equation 
relating bore hole pressure and det- 
onation pressure, in particular, 


Ve 


P, = oV 


-P, 


where P,, is bore hole pressure,* V, is 
volume of explosive, and V.. is volume 
of explosive chamber. Care must be 
used in calculating V. since this is not 
the total volume of the hole, but the 
volume of a cylinder of height h and 
radius a where h is the distance be- 


Hay 


HELICOPTER VIEW: The intricate break line required by the shaft specifications was easily established by the presplit method of blasting. 
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IN THE SHAFT: Looking down the shaft to the bottom of the first 49-ft. presplit break line. The offset for the second presplit line may be seen 
in the left foreground. The entire periphery of each presplit pattern was fired at one time. 


#y 


6" DIA. CENTER BURN HOLE. 
-_ /, oe a STEMMED EXCEPT FOR CURR 
oe + 


LINE DRILL £1 505+ To 462'@1'-0" CC 


a . 
STEM ALL HOLES ~ 30° EXCEPT t 1'-0" 
Se ses” LINE DRILL El 555~TO E1 SOS@I'-O" CC PRE SPLIT 


LINE DRILL TOP OF ROCK TO E! 555+ @ I'-O" CC PRE SPLIT 
PRE-SPLITTING WITH '% STICK 

14 x 8, 40% HERCULES GELATIN @ 18"* CC 
TAPED TO PRIMACORD 


TYPICAL PATTERN EACH (2 FT. LIFT 


SHAFT DIAGRAM: Plan shows drilling and loading details required for presplitting to assure even walls on the complex shaft operation. 
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tween centers of successive charges 
in the hole. Given the equation shown, 


V. must be chosen so that 
P, < S_ 


where S, is the compressive strength 
of the rock. Figure B shows results 
obtained when this equation is satis- 
fied and Figure C shows results when 


P, > Sg. 


The equations above are not useful 
in practice since estimations of the 
decay constant k are not available. 
W. I. Duvall has suggested that the 
decay factor may be replaced by 

aR Cc 
~ 
where R is the radial distance, c is the 
radius of the charge, and a is an ab- 
sorption constant. The value of « for 


a granite gneiss is given for various 


explosives. All are very close to .03 
regardless of the explosive. 

Let us consider as an example how 
the various quantities might be deter- 
mined on the basis of the equations 
given. The constants in our equation 


FROM THE BOTTOM: The effectiveness of the presplit blasting 
technique is shown by this dramatic photo which clearly defines 
the relatively smooth side walls of the shaft. 
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are naturally determined by the nature 
of the rock itself. Suppose the com- 
pressive strength of a certain rock is 
30,000 p.s.i. and its tensile strength 
is 500 p.s.i. Let the charges be located 
in holes 4 in. in diameter and suppose 
the holes are 2 ft. apart. Suppose we 
wish to put the explosive on 1-ft. cen- 
ters and that the diameter of the charge 
is 2in. The quantity V, is given by 


V. —— we A*h. 
Assume that the detonation pressure 


of the explosive is 10° p.s.i. Then we 
must have 


V..° 10° 
2-7/36 


2n*3-10* — 6rx10~ 
36x10 ~ 36 


<3x10' 


P, — 
Ve< 


Since C = '4» ft., then 
67x 10° 


Lea 144 — 36 


144-10~ 


6° 
36 
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~ .005 cu. ft. 


— 94x 10°" = .24 ft.~ 3in. 


It should be mentioned in passing 
that the experiments performed by 
D. R. Grine and G. R. Fowles|| indi- 
cate that the dynamic compressive 
strength of rock may be ten to twelve 
times greater than the static compres- 
sive strength; therefore the above cal- 
culation is not as critical as the result 
implies. 

Finally, we want the tensile stress 
Ee, > 900 p.s.i. With R=1ft.,.a=—.03 
and C= 4 ft., 


_aR/C 


e —e 


1 
9 aah seg er 
V2A/D= VA = 6 A 
and hence 


Ee, = 84 xX 10% Xo 


o for most rock is between .1 and .3 so 
that in the worst case we have 


Ee, = .84x 10° = 840 p.s.i. > 500 p.s.i 


In conclusion, it appears feasible 
that collars of shafts and excavations, 


FINISHED SHAFT SECTION: A section of the shaft where con- 
creting has been completed. Presplitting effected a considerable 
saving to the contractor in the amount of surplus concrete needed. 
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COMPRESSIVE STRENGTH: Because of their greater ratio of compressive strength to tensile strength, many rocks can be presplit without 
a crushing effect, provided the distances between drill holes are not too great. 
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where concrete is to be placed against 
the walls, can be prepared by pre- 
splitting. Further, the method can be 
applied to railroad cuts, highway cuts, 
tunnel portals, intakes to portals, 
underground excavations, spillways, 
flumes, and any number of excavations 
which require clean rock faces. Other 
applications can be around building 
excavations, quarries, machine foun- 
dations, bridge piers, etc., where trans- 
mission of vibrations to nearby struc- 
tures by normal blasting must be 
reduced to a permissible ER ratio.! 
In these applications, presplitting has 











FIGURE A: A and B represent cylindrical drills with axes a distance d apart. N and NI 
represent contact points of the wave fronts generated by simultaneous explosions in A and B. established a free surface, or interface, 


D and D! represent the forces tending to produce particle displacement. between the area occupied by the ex- 
cavation blast holes and the area 
where it is necessary to have a per- 
missible ER ratio. This interface, 
where the number of pounds of ex- 
plosives per delay interval is required 
to be held to a certain limit, will give 

No crusHing — the user of explosives the opportunity 
of increasing the explosive charge per 
delay period in excavation blast holes 
and still remain under the permissible 
ER ratio. Considerable savings can be 
effected in this way. The frequency of 
blasting can be reduced in populated 
areas and the nuisance aspect of blast- 
ing greatly minimized. 


FIGURE B: This figure shows the linking of radial cracks between drill holes. The charges 
were sufficient to obtain this linkage without crushing rock in the walls of the drill holes. REFERENCES 


LOOSE ROCK 


*Kumao Hino, Theory and 
Practice of Blasting, Nippon Ka- 
yaku Co., Ltd., 1959 (first edi- 
tion), p. 100, p. 88. 

+H. & B. S. Jeffreys, Methods 
LOOSE ROCK of Mathematical Physics, Cam- 
bridge University Press, 1950 
(second edition), p. 596, p. 101. 
CRUSHED ZONE +W. I. Duvall, Telephone Con- 
versation. 

SW. I. Duvall et al., “Propa- 
gation of Peak Strain and Strain 
Energy in Explosion-Generated 
Strain Pulses in Rock,” Quarterly 
of the Colorado School of Mines, 





Vol. 54, No. 3, July, 1959. 


see D.R.Grine and G. R. Fowles, 
ne “The Attenuation of Shock 
GEES J Waves in Solid Materials with 


Seismic Applications,” Quarterly 
of the Colorado School of Mines, 
Vol. 54, No. 3, July, 1959. 
iF. J. Crandell, Ground Vi- 
bration Due to Blasting and Its 
FIGURE C: The linkage of several radial cracks at a considerable distance off the line con- Effect Upon Structures, Liberty 
necting the axes of the drill holes is shown in this figure. In this case, not only was there Mutual Insurance Co. 
excessive linkage, but also the familiar crushed zone appeared, indicating a bore hole pressure 
in excess of the compressive strength of the rock. 
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CHANGE OF ADDRESS 


To assure receiving your copies of 
The Explosives Engineer, please 
notify us of any change in your 
mailing address. 

THE EXPLOSIVES ENGINEER 

670 HERCULES TOWER 

910 MARKET STREET 

WILMINGTON 99, DELAWARE 


Please change the address of my 
subscription: 


NAME (Please Print) 


Old Address 


“Bios on a blast hole 
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Now a Standard Size 
Wire Rope Mat Available 
From Stock. Also 12”, 5”, 3%”. 


> TOP QUALITY... 
> LOW COST 


Special sizes and Manila 
& Sisal Mats Made To Order 


For complete information 
and prices write or phone 


ScoT 
“BLASTING MATS. Ine. 


822-1 ROCKAWAY P’KWY, B’KLYN 36, 
NEW YORK - EV 5-2500 > EV 5-2021 


Truck mounted 6TA 
drills blast holes for 
_ coal operations. 


AIR ROTARY 


BLAST HOLE DRILLS 
*Y PORTADRILL 


Designed by rotary experts 
... proven on the job! 


The following is a partial list of Portadrill 
owners: 


ANACONDA COPPER CO. 
DEBARDELEBEN COAL CO. 

STRONG CONSTRUCTION CO. 
BAGDAD COPPER CO. 
MORRISON-KNUDSEN CO. 

OLIVER COAL CO. 
MERRITT-CHAPMAN & SCOTT CORP. 
U. S. BORAX & CHEMICAL CO. 
PITTSBURGH AND MIDWAY COAL CO. 
H. M. HOLLOWAY, INC. 

J. R. SIMPLOT CO. 

TRUAX-TRAER COAL CO. 

ISBELL CONSTRUCTION CO. 

TASA COAL CO. 

PETER KEWIT SONS’ CO. 
KENNECOTT COPPER CO. 


Eight models for hole sizes 342” to 9’ — cus- 
tomized to your specifications. 


INQUIRIES WELCOMED 


PORTADRILL 


MFG. BY THE WINTER-WEISS CO. 
2201 BLAKE ST., DENVER 5, COLORADO 


6TA drilling explora- 


tory holes on an 
Arizona mining loca-. 
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IMPORTANT NEWS for 
Conveyor Scale Users... 


CompuDyne Corporation 


announces the acquisition of 


TRANS-WEIGH COMPANY 


and 


AUTOMATIC MEASUREMENTS CO. 


to broaden the facilities of 
its subsidiary 


Weighing & Controls, Inc. 


Sales and manufacturing will be consolidated under 
Weighing & Controls, Inc. Trans-Weigh Co. and Auto- 
matic Measurements Co. have specialized in the develop- 
ment of electronic weighing systems. Weighing & Controls, 
Inc. have developed pneumatic weighing systems. The 
consolidation of these companies gives industry the most 
advanced engineering thinking and the highest production 
efficiency available, for automatic weighing control and 
data processing. Any system from the simplest to the most 
complex will benefit from this new, consolidated source. 


Whether your problem is in Conveyor Scale, Batch 
Weighing, Constant Feed Weighing, or Check Weighing 
...in heavy or light industry... call W & C. 


tet 


Cm) 


CHECK WEIGHING 


a 
CONVEYOR CONSTANT-FEED 
SYSTEMS : CONTROL PANELS 


SCALE SYSTEM ! WEIGH-HOPPER SYSTEMS 
' ' 


2S. Weighing & Controls, Inc. 


Subsidiary of CompuDyne Corporation 
Industrial Park, E. County Line Road, Hatboro 10, Pa. 
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VIBRATION TROUBLES? 


EXPLOSIVES USERS — If you are experiencing or 
anticipate legal or public relations problems arising 
from blasting effects — 


Send For Our 
BROCHURE 
Describing Our Services 
(Price Schedule Accompanies Brochure) 


Seismograph Protection + Vibra-Log Service 
Seismograph Rentals and Sales 
Preblast and Postblast Property Inspections 
Condition Surveys and Appraisals 
Seismic and Resistivity Rock Depth Surveys 
Rock Velocity and Impedance Measurements 


VIBRA-TECH ENGINEERS, INC. 


Formerly The Vibration Engineering Company, Inc. 
407 Hazleton National Bank Bldg. ¢ Hazleton, Pa. 
Phone: Gladstone 5-1961 


B. F. Howell, Jr., Ph.D., P.E., Chief Seismologist 
Pittsburgh Area Office, Philip R. Berger, Manager 
Bradford Road, Bradfordwoods, Pa 
Phone: WEstmore 5-1655 
Affiliated with Frank Neumann, Seismologist 
4546 45th Avenue, N.E., Seattle 5, Wash. 
Phone: Lakeview 4-0028 


DYNAMITE 
iz BLAST 


“ER Ao 


e DAMAGE 
e COMPLAINTS, DELAYS 
e UNJUST LAW SUITS, LOSSES 


BLASTCORDER 


OTS Mes et aM hd 

STU Mr CU a | 
CO ee ee ee 
Makes impressive demonstration indoors and outdoors 
to maintain good community relations 

Pushing 2 buttons makes an immediate 4x5 record 
eM to processing, no delays 
no computations. Hel a 
CO Mh valuable permanent record 
TM la 

Rugged for field use. Weighs 20 pounds with batteries 
Tu ee ee a ae 

i en eee 
DST Men Cra ae ee a) 


The Geotechnical Corporation 
3401 Shiloh Rood, Garland, Texas 
Phone BR 8-8102 





NEW Crawlmaster drill 
and Gyro-Flo compressor 


most versatile and powerful 
combination available 
for 4” to 6%” blast holes 


THE INGERSOLL-RAND CRAWLMASTER is a multi-purpose blast- 
hole rig with extra weight and power for the toughest drilling 
jobs. This rugged machine is mounted on dozer-type crawlers 
with enclosed gear drive from two 11%/2-hp air motors, and inter- 
changeable drill units permit percussion, rotary or Downhole 
drilling of 4” to 642” holes at any angle from vertical to hori- 
zontal. Features include hydraulic feed and retraction, remote 
controlled reverse rotation, 30” hydraulic leveling jacks and 
simple ejector-type dust collector. 

Ample air power for all Drillmaster functions is provided by a 
900-cfm Gyro-Flo rotary compressor—the last word in portable 
compressor economy and dependability. Simplicity of operation, 
freedom from maintenance, small size and light weight, air tem- 
peratures under 200°F, low oil consumption and closer regulation 
at all loads make Gyro-Flo the ideal running mate for the new 


Crawlmaster drill. 
Ask your I-R distributor or engineer for com- 


plete information on the cost-saving Crawlmaster 


Pt eee om : 
5 Gyro-Flo combination. 


67A14 11 Broadway, New York 4, N. Y. 


| Ing ersoll-Rand 


A CONSTANT STANDARD OF QUALITY IN EVERYTHING 
YOU NEED FOR DRILLING ROCK 





KOI 


Bucyrus-Erie 50-R Rotary Drill 


Variable control in both rotary speed and pull- 
down pressure play an important part in the 
performance of the 50-R. But 50-R owners have 


an invisible ‘‘plus’’ working for them that’s 
equally important in the long run. It’s the built-in 
Bucyrus-Erie durability that accounts for an un- 
usually high percentage of ‘‘up time.”’ It’s ready 
when you need it. 


As a clincher, Bucyrus-Erie blast hole drills are 
backed by the largest, best-equipped parts and 
service organization in the business. Let your 
Bucyrus-Erie salesman show you the big, tough 
50-R in action. For full details, write Bucyrus- 


Erie, Drill Division, South Milwaukee, Wisconsin. 
1B61 
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AN IMPORTANT NEW 
BLASTING TECHNIQUE 

PIONEERED 
BY HERCULES 


technique. This new method of controlled 


PRESPLITTING is a 
forward step in the 
advancement of a more 
efficient blasting 


blasting, pioneered by Hercules Powder Company, 
produces “‘line-drilled” results without the excessively 
high costs of actual line drilling. 

PRESPLITTING has the following advantages over 
normal methods of blasting: 

1. Rock overbreak behind the PRESPLIT blast holes 
reduced to an absolute minimum—less extra unpaid- 
for excavation and less concrete required because excess 
overbreak is eliminated. 


oe r 
ee at ha LR. 
3 hh a See a 


2. Fewer blast holes required than for line drilling— 
extra dollar savings in drilling costs. 

3. Reduction in ground vibrations from primary blast- 
ing—fewer complaints from nearby householders and 
industries. 

A. Sheer, clean rock wall obtained—greatly reduced 
scaling time. 

». Back shattering reduced—much safer wall to work 
under; walls require less maintenance. 

6. Entire cut may be PRESPLIT with one blast—saves 
resetting up time. 

Detailed technical information about PRESPLITTING 
is available in bulletin form. Ask your Hercules repre- 
sentative for a copy and learn how PRESPLITTING will 
reduce costs on your job. 


Explosives Department 


HERCULES POWDER COMPANY 


ORATEO 


Hercules Tower, 910 Market Street, Wilmington 99, Delaware 


BIRMINGHAM 
NEW YORK 


CHICAGO e 
PITTSBURGH e 


DULUTH e JOPLIN e 
SALT LAKE CITY e 


LOS ANGELES 
SAN FRANCISCO 
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